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The Center tor the Development of reaching (C'DT) is a research and 
development center, within the Center for Learning, Teaching, and 
Technology (LTF) at Education Development Center, Inc. (EDC). The goal of 
the Center for the Development of Teaching is to learn, with teachers, how 
teachers' practice can be transformed so that it supports students' construction 
of knowledge. Initially, the Center is working with mathematics teachers, but 
will expand to include the teaching of science and/or history and language. 
The Center carries out a coordinated program of research and action projects 
that address the issues involved in teacher change at three interacting levels: 
(1) teachers' beliefs and knowledge about their subjects and about learning 
and teaching; (2) teachers' classroom practice; and (3) the complex social 
system that extends from the school and school district to the society at large. 

This CD'L Paper Series is intended as a vehicle for discussion of research on 
teaching and teacher development as they relate to education reform. 
Publications in this series wall contribute to the community's understanding of 
the practice and profession of teaching, as well as to the process of change. It 
is our editorial policy to have papers reviewed by a panel of four readers — 
three named by the author and one chosen by CDT. People in the education 
community who would like to contribute to this discussion are invited to 
submit papers to be considered for publication, along with the names of three 
potential reviewers. Please write to: 

Editor, (!I)T Paper Series 

Center for the Development of reaching 

Education DevcloPiTient Center, Inc. 

55 Chapel Street 
New’ton. MA 02158-1060 

C'ore support for the Center for the Development of Teaching, and for CDT's 
Paper Series, has been provided by the DeWitt Wallace-Reader's Digest Fund, 
whose mission is to foster fundamental improvement in the quality of 
educational and career development opportunities for all school-age youth, 
and to increase access to these improved service > for young people in low- 
income communities. 
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Education Development Center, !nc. 

55 Chapel Street 
New'ton, MA ()2158-10o(^ 

Telephone: h \ 7-')()h.7 lOO 
1A.\: M 7-6f).S.()32.S 



I 



Voicing the New Pedagogy 

Teachers V'-ite about Learning and Teaching Mathematics 



Deborah Schifter 



Detailed descriptions of classroom process are needed in order to 
ground discussion of the principles animating the mathematics 
education reform movement. In response to this need, teachers who 
were already engaged in transforming their mathematics instruction 
were invited to write reflective narratives about their evolving in- 
structional practice. This paper describes the structure of that project 
and presents excerpts from some representative narratives. It also 
considers how writing these narratives contributed to the continuing 
development of their authors and discusses how reading them 
affected students in teacher education courses. Finally, it urges that 
such narratives be seen as a medium through which teachers can 
become centrally involved in the national conversation about math- 
ematics education reform. 



ut of a convergence between changing social needs and two decades of research 
in cognitive psychology, a new vision of mathematics instruction has emerged 
in the United States. In contrast to the traditional classroom, in which the teacher 
presents material that her students then practice individually, the proposed 
pedagogy involves students working together on authentic problems — posing 
their own questions, formulating conjectures, and discussing the validity of 
various solutions. Though codified in the NCTM Standards (National Council of 
Teachers of Mathematics, 1 989, 1991) and embraced by influential segments of the 
education policy community, it has yet to be shown how this vision will appear 
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when translated into the day-to-day life of the 
mathematics classroom. Constructing a prac- 
tice that will realize the principles animating 
the Standards has only just begun, and it follows 
from the very nature of those principles that 
classroom teachers must be the primary agents 
of that process. 

With increased authority — and responsibility — 
for shaping mathematics instruction in their 
respective classrooms, teachers will also need to 
invent new forms of coUegiality. In some schools, 
and in some in-service programs, teachers meet 
together regularly to solve pedagogical prob- 
lems and consider issues that arise as they work 
to transform their teaching. In general, how- 
ever, what teachers are learning in their own 
classrooms is not being communicated to their 
colleagues or to others with an interest in math- 
ematics education. The success of the move- 
ment for reform cannot rest on ind ividual teach- 
ers constructing the new practice classroom by 
classroom, independently of one another and 
without engaging in many-sided discussions 
about their efforts. And teacher educators, 
curriculum developers, and researchers must 
both encourage and listen in to such discussion 
if they hope to play a consequential role in the 
reform pnxess. In the end, it is teachers who 
must concretely demonstrate to one another, as 
well as to the rest of us, what the new mathemat- 
ics instruction will look like. 

With this need acknowledged, the absence of 
teacher voices from the ongoing national con- 
versation about mathematics education reform 
becomes deafening (Cochran-Smith and Lytle, 
1990; Lytle and Cochran-Smith, 1990; Miller, 
1990). This silence has provoked some teacher 
educators, myself included, to wonder. What 
are the forms and the forums through which 
teachers might share what they are learning as 
they begin to transform their practice along the 
lines mandated by the Standards? 

In recent years, the conviction has been grow- 
ing that cases or stories may be more helpful 
than theoretical expostitions to people who 
need to learn to think in new ways about com- 
plex, context-dependent domains like teaching 
(Barnett, 1991; Carter, 1993; Shulman, 1986; 
Shulman, 1992; Witherell and Noddings, 1991). 
Only through the telling of stories about their 
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classrooms can teachers convey the richness 
and interconnectedness of what they have come 
to understand— about their students, their 
schools, and their communities; about subject 
matter; about both established classroom struc- 
tures and experimental practices — as they face 
the stream of challenges that constitutes every- 
day life in the classroom. The current math- 
ematics education literature provides examples 
upon which such teacher narratives might be 
modeled: case studies of classroom teachers 
written by researchers (e.g., Fennema et al., 
1993; Schifter and Fosnot, 1993; Wilcox et al., 
1992); case studies conducted by university 
faculty who also teach mathematics to kinder- 
garten through twelfth grade and make their 
own teaching the object of their research (Ball, 
1993a, 1993b; Borasi, 1992; Lampert, 1988, 
1989); and cases written by full-time classroom 
teachers (Barnett, 1991; Countryman, 1992). 
Such studies provide rich accounts of classroom 
process, illustrating the dilemmas that arise in 
daily instruction and explicating how teachers 
think about and resolve such dilemmas. 

In this paper 1 describe an experimental project 
that borrows elements from each of these mod- 
els. Designed to support teachers as they write 
about their own mathematics instruction, the 
Mathematics Process Writing Project (MPWP) 
was conducted from 1990 to 1993 by 
SummerMath for Teachers, a K-12 in-service 
mathematics program. Since 1983, 
SummerMath for Teachers, which is based at 
Mount Holyoke College, has offered summer 
institutes and semester-long mathematics 
courses based on constructivist perspectives on 
learning (Schifter, 1993; Schifter and Fosnot, 
1993; Simon and Schifter, 1991). 

The Project 

The purpose of MPWP was to produce detailed, 
reflective first-person narratives exploring class- 
room process and instructional goals and deci- 
sion making for use in teacher education courses. 
The idea for the project came from the recogni- 
tion that, although a significant number of 
SummerMath for Teachers participants— hav- 
ing engaged in summer institutes, semester- 
long mathematics courses, and/or a year-round 
classroom supervision program— had made con- 
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siderable progress in transforming their teach- 
ing, many others were unable to move forward. 
The reasons were varied, but the need for cur- 
ricular materials was frequently cited. 

In trying to address these teachers' needs, the 
quandary of the staff was that there were so few 
innovative published materials available and 
that traditional formats were of little use. For 
example, a powerful lesson is often launched by 
a single question. Yet, that same question, 
baldly stated and lacking context — as is usually 
the case with traditional materials— may yield 
no more than a mechanical exercise in compu- 
tation. The ability to position such questions in 
the flow of classroom process would clearly be 
of far greater value. 

k PWP was designed to address this issue, taking 
advantage of the knowledge and experience of 
teachers who had been working to enact the 
new mathematics pedagogy. Each year for three 
years, 14 to 19 teachers (a total of 44 women and 
4 men) who had previously attended at least 
one SummerMath for Teachers offering were 
invited to become teacher-writers in a one- 
semester course that met weekly for three hours 
and twice for additional full-day workshops. 
Some participants had been working with 
SummerMath for Teachers for as long as seven 
years; others had entered the p >gram the pre- 
vious summer and were just now beginning to 
work through what it meant to enact a practice 
based on a constructivist view of learning. 

The course comprised two major activities: read- 
ing assigned materials and writing. The reading 
materials were written by teachers about their 
own teaching — for example, articles by Ball 
(1993a, 1993b), Heaton (1991), and Lampert 
(1988, 1989), as well as articles coming out of 
the current movement to reform the teaching of 
reading and writing (Atwell, 1985; Hillocks, 
1990). In addition, the second and third groups 
of teacher-writers read papers written by their 
predecessors. All readings were critically exam- 
ined for both content and writing style, 

The writing component of the course was fash- 
ioned after the process-writing model that many 
of the elementary teachers already used in their 
own classes. Consistent with the new math- 
ematics pedagogy, process writers work coop- 
eratively to analyze and edit their projects, For 



the first several weeks of the course, specific 
assignments were given so that teachers could 
explore pedagogical issues and experiment with 
writing styles (e.g., transcribe a classroom dia- 
logue and then write a narrative based on that 
dialogue about what happened; describe a stu- 
dent who has revealed to you that he/she has 
learned something that you are trying to teach; 
write about a student who expresses a math- 
ematical idea that surprises you). Eventually, 
teachers determined the direction of their own 
writing and worked on final projects — 15- to 40- 
page reflective narratives on topics of their choos- 
ing. Throughout the course, teachers met in 
both small and large groups to share theirefforts 
and solicit feedback. All work was turned in to 
me, the project director and instructor, and 1 
responded in writing. Upon request, 1 met with 
teachers in class or in my office, or spoke with 
them over the telephone. 

Appendix A is a compilation of reading and 
writing assignments given in the three courses. 

The Products 

The 49 papers produced by project participants 
are quite varied. ' Some explore particular grade- 
specific mathematical topics — third graders 
working on graphs, sixth graders using Logo to 
discover properties of triangles, high school 
students constructing meaning for the concept 
of variable. In contrast to traditional classroom 
presentations of mathematics activities, these 
papers position activities and problems in the 
life-process of particular classrooms. The reader 
learns about the teacher's goals f< >r the lesson, 
what was happening before a particular prob- 
lem was posed, what happened afterwards, about 
the questions students asked and the ideas they 
suggested, how they interacted with one an- 
other and with the teacher, what students 
learned, what the teacher learned, and more. 

For example, in her paper "Third Graders Ex- 
plore Multiplication," Virginia Brown (in press) 
describes the session in which she introduces 
multiplication in order to illustrate to the reader 
the routine with which she frequently begins 

■ A subset of tliese papers will appear in an antholox>'of twd 
volumes (Ss hifter, in press, a, in press, b). 0»lur papers have 
l)een or will be published individually (e.g., Lester, in press, 
a; Smith, 1^92). Appetidix H lists all tiu’ teaeher- writers arul 
tlte titles of tlieir papers, 
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her mathematics lessons. She starts by posing 
a repeated-addition problem about three pencil 
cases, each of which holds 12 pencils. How 
many pencils are there? 

I gave the children a considerable amount of 
time to think and then asked for solutions. 
Peter offered 34 as his result; Cathy's answer 
was 24; Kevin’s replywas 36; and Mike's 15. The 
rest agreed with one of these. I asked the class 
how they felt about these answers, and the 
following dialogue ensued; 

Emily; 1 don't think 15 could be right. 

Teacher; Why? 

Emily; Well, the problem says three pencil cases 
with 12 pencils in each case. That means you 
have 12 here (pointing to an invisible case on 
her desk), 1 2 here, and 1 2 here. You have three 
12s, S .1 the answer couldn't be 1 5. 

Mike (who had originally offered 1 5 as his 
answer); I don't like my answer anymore. I was 
adding 1 2 and 3, but now I don't think that 
makes sense. 

Emily (smiling); It doesn't make sense because 
you would be adding 3 pencil cases and 1 2 
pencils. You can't write with a pencil case. 

Steve was waving his arm vigorously, anxious 
to speak. I asked him to tell us what he was 
thinking. 

Steve; I don't think 24 could be right either, 
because I know 1 2 and 1 2 equals 24. That would 
only be two 1 2s, but there are three 1 2s because 
there are three pencil cases, so 24 can't be right. 

As Steve spoke, other children were nodding in 
assent, including Mike, who had initially ar- 
rived at 1 5 for his answer, and Cathy, whose 
answer was the one being challenged. She 
asked to have her answer erased, no longer 
agreeing with it. 

In this classroom, students have become accus- 
tomed to a routine in which a problem is posed 
and then, without relying on paper and pencil, 
they are expec ted to think about possible solu- 
tions. When they indicate to the teacher that 
they are ready, she solicits their answers and 
writes each one on the board without comment. 
Discussion begins with the question, "How do 
you feel about these answers?" The children 
voice tfieir thoughts and listen to one another. 
They have learned that it is quite acceptable to 
propose an answer or an idea ai ’ then, after 
further reflection, to change one's mind. 



O 




Through Brown's example, a reader new to this 
kind of pedagogy can begin to attach images to 
such phrases as "emphasis on student thinking 
as opposed to answers," "classroom discourse," 
and "mathematical inquiry. " We see how young 
children can think through iiie logic of compet- 
ing solutions, listen to cLass.nates' ideas, and 
trust their own conclusions We also see how 
the teacher can step back from the role of 
"explainer" and "answer giver ' to let the chil- 
dren pursue their own lines of thought. 

The routine in Brown's class usually continues 
with students brraKing into small groups to 
explore the i»utial problem further, or ones 
similar to it, with manipulatives. later, they 
return to tho whole group to share their various 
solution methods or to voice new questions or 
discoveries made while exploring the problem. 

On this day, however, the initial whole-class 
disoission leads in an unexpected direction, 
and Brown suspends her original agenda. Hav- 
ing reached consensus that the answer is 36 and 
having been shown how to represent the prob- 
lem as multiplication— 3 x 12 = 36 — the class 
listens to Jeff's idea; 

Jeff; I did It the same way Joe did, but I just 
figured out another way. Can I show it on the 
board? If you break each 12 up into two 6s, you 
have six 6s, and that equals 36. 

Leaving behind the context of pencils and pen- 
cil cases, Jeff has seen that if each of the 12s is 
viewed as the sum of two 6s, you get six 6s, 
resulting in another mult' plication fact; 6x6 = 
36. Although she had had other plans for the 
day's lesson. Brown recognizes the opportunity 
to explore flexibility in the children's thinking 
about numbers. She asks Jeff to explain his 
discovery again and waits to see what other 
ideas the children might come up with. 

Tom shows the class how you could break each 
of the 6s into two 3s to come up with 1 2 x 3 = 36, 
at which Anna exclaims, "Wow, we've found a 
lot of things that equal 36. Oh, look! This one 
is backwards of our first one, 3 x 12." Then 
seeing the column of twelve 3s which total 36, 
Steve suggests grouping three 3s into 9s to get 
4 X 9 = 36. The lesson ends with the following 
I'xchange; 

Joe; [Steve] circled three 3s, which equals 9, and 
he did this four times, so 4 x 9 =• 36. And so we 
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can add another one to the list because If 
4 X 9 - 36 then 9 x 4 = 36, too. 

Anna: Does that always work? 1 mean, saying 
each one backwards will you always get the 
same answer? 

Teache : Interesting question! What do you 
think? 

Anna: I'm not sure. It seems to *>ut 1 can't tell 
if It would always work— 1 mean for Ml num- 
bers. 

Knowing that the recess bell was about to ring, 
and wanting to encourage their mathematical 
inquisitiveness, 1 told them to see if they could 
figure out a way to prove or disprove Anna's 
question overnight, and we'd start the next 
day's math lesson with it. 

Not only are these children practicing numeri- 
al thinking, but as they come up with various 
factor pairs of 36 they find patterns — that 12x3 
is "the backwards" of 3 x 12 — from which they 
infer that if 4x9 = 36, then 9x4 must equal 36, 
too. However, Anna recognizes that they can- 
not simply assume that the pattern will always 
hold for all numbers. Thus, cast in formal 
language, these third graders have formulated 
the conjecture that multiplication is commuta- 
tive, but have decided that they must find proof. 
And by refraining from telling them the answer. 
Brown demonstrates her belief that it is impor- 
tant that the class think this matter through. 

,\s a set, the papers produced by MPWP span 
grades kindergarten through twelve in commu- 
nities that represent a variety of ethnicities and 
economic levels. In sharp contrast to Brown, 
who narrates her classroom stories from the 
perspective of a third-grade teacher in a rural 
environment, Donna Scanlon teaches algebra 
in an urban high school with a 70% Hispanic 
population. As a result of drastic funding cuts, 
her mathematics department has just suffered a 
40% reduction in staff and she is teaching 191 
students grouped into six classes. While she 
acknowledges that "things are not as they should 
be," she finds that "somehow my students and 
I are getting pleasure out of working together to 
make sense out of mathematics. Certainly we 
hope that this situation will be resolved, but 
meanwhile we have so much to do, so much to 
figure out." And though this is not her primary 
intention, through her story, Scanlon implicitly 
refutes those who claim that the new math- 



ematics pedagogy is appropriate only for white 
middle- and upper middle-class children. 

In "Algebra is Cool: Reflections on a Changing 
Pedagogy in an Urban Setting," Scanlon (in 
press) shares with the reader what she has learned 
as she "search[es] for tasks that will allow alge- 
bra to become a natural and sensible extension 
of the mathematics my students have previ- 
ously studied." For example, to give her stu- 
dents "opportunities to see how a variable could 
be used to say something they would like to say, 
as in making a rule of generalization," she has 
them explore a set of problems called "Polygons 
All in a Row." Given a sequence of equilateral 
triangles with sides of one unit, 

A A7AA 

what is the perimeter of a single triangle? of 
figures formed by abutting 2 triangles, 3 tri- 
angles, 4 triangles, 50 triangles, 100 triangles, k 
triangles? Students are given a table to organize 
their data and, by the time they complete the 
table, they are able to put into words the insight 
that for k triangles, the perimeter will be two 
more than k, or, in the language of algebra, 
k + 2. In a similar exercise with squares, students 
create a table, identify a pattern, and generate 
the expression for the perimeter, 2k + 2. 

Although the class is able to come up with 
answers to the questions on the worksheet, 
Scanlon feels uneasy about what they actually 
understand. By the end of the "squares" exer- 
cise, she realizes that her students have used the 
figures to generate tables and the tables to 
generate rules, but nobody is looking back to see 
how the rules connect to the original figures. 
"Students were not seeing that they were adding 
the top length and the bottom length of the 
squares and that was why they were doubling, 
and that the two end unit lengths were the 
'add 2."' However, before she can pursue that 
idea, she is faced with another pedagogical 
issue: many of her students got the same incor- 
rect answer to another problem. 

The next day I didn't get anywhere with trying 
to get someone to connect the formula to the 
picture, so I gave up for the moment and went 
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on to pentagons. . . . This time, students [were 
given the figures, the first three elements in the 
sequence, but] were not given a table, and few 
used one to organize their data. 1 found as 1 
checked homework that most were not able to 
decide the perimeter of 9 pentagons or 100 
pentagons or He pentagons correctly and yet 
many students had the same "wrong" answers, 
especially in reference to 9 pentagons. They 
thought the perimeter should be 33. I was 
puzzled by this, I was pretty sure they wouldn't 
bother copying someone else's answer unless 
they could explain it because that was such a 
prevalent underlying current in everything that 
we did. Students expected to be asked for 
explanations, Plus it wasn't a few students, it 
was many who had 33 for the answer. . . . 

Since everyone was stuck at about the same 
place, 1 asked if anyone had a suggestion as to 
how we could look at all of our information and 
try to make sense out of it. Someone suggested 
a table like our others so 1 made one on the 
board. . . . After easily filling in the correct 
perimeters for 1, 2, and 3 pentagons, students 
were reluctant to share an answer for 9 penta- 
gons, Eventually, Nathan offered the above- 
mentioned 33, . . , 

"Well, 3 pentagons have a perimeter of 1 1, So 
9 pentagons should have a perimeter that is 
three times that," he answered quite cheerfully. 

"Could anyone explain what Nathan is trying 
to tell us?" 1 asked. 

Lisette offered, "He's saying that 9 is 3 times as 
big as 3 so the perimeter should be 3 times 
bigger and 3 times 1 1 is 33." 

"How can we check to see if Nathan's idea 
works?" I asked. 

"It doesn't work, I drew these [nine pentagons 
in a row] out and 1 found out the right answer 
is 29,'' said Katie. 

"Another way we could check Nathan's theory?" 
I asked, realizing that this must have been the 
theory of th others who got that same answer. 

"It doesn't work because then it would have to 
be true for 8 and 2," said Madeline. , , , "The 
perimeter of 8 [pentagons] is not 4 times the 
perimeter of 2." 

As in bi own's class, Scanlon's students propose 
answers, t/;* ain their thinking, and analyze 
the problem from various perspectives. Today 
they decide that the logic that produced the 
answer 33 is faulty, and that the correct answer 
is 29, Sarita goes on to volunteer that for 100 
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pentagons, the answer is 302, "because the pe- 
rimeter is always equal to 3 times the number of 
pentagons plus 2 more. So the formula is 
3k + 2." 

1 let the class think about this for a little while. 
Then I noticed a conversation going on be- 
tween students and was just about to correct 
them when one of the students, Juan, said, 
"You add the bottoms, then you add the tops, 
and then you add the two sides." 

As we were all caught up in finding the pattern 
from the tables, Juan was cutting to the heart of 
the matter and dealing with the actual diagram . 
... 1 asked Juan to explain, and to expedite 
matters he came to the board himself and drew 
some pentagons: 




Hesaid, "Bottoms, 4. Tops, 8. Plus the two ends 
is 14," 

1 said, "V/hat about if you had 10 pentagons?" 

Juan said, "Bottoms, 10, Tops 20, Plus the 2 
ends is 32," 

The class responded with their attention. This 
looked like math they could handle. 

"What about if you had k pentagons? What 
would the perimeter be?" I asked. 

"Bottoms, k. Tops, 2 times k. Plus 2," said Juan, 

I wrote k ’¥ 2k ’^2 on the board with [Sarita's 
formula] 3Hc 2 underneath. Are they ‘he same? 
Are they different? Explain your answer. These 
are the questions students explored for home- 
work. 

In this class, Scanlon is trying to help her stu- 
dents see that algebra is not merely a matter of 
applying rules to meaningless numbers and 
letters, but is a language they can use to express 
their own observations of patterns and rules. 
And she communicates that it is up to the 
students to figure out basic rules of algebraic 
equivalence. Scanlon contrasts this approach 
with her own past teaching: 

Previously, I would have explained this by 
talking about "combining like terms" and "add- 
ing coefficients," 1 would have justified those 
procedures with the distributive axiom: 
if + 2Hf s (1 2)Hf, And students would have 

plenty of practice combining other like terms. 
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Although all this "forma! mathematics" cer- 
tainly needs to be addressed In my classroom, it 
will be more meaningful to my students now 
that they have had a chance to see how sensible 
it actually is. They could look at those penta- 
gons and see how it makes sense. 

Scanlon is working to develop a practice that 
teaches formal mathematics and conventional 
algebraic language, but considers the perspec- 
ti /es of her students. She plans her teaching 
around tasks that involve representations and 
problems that give her students access to the 
logic of algebra and organizes lessons to engage 
the class in discussion of those problems. 

Other papers portray issues that classroom teach- 
ers face as they engage the new mathematics 
pedagogy: How does one teach students to lis- 
ten to one another, work collaboratively, and 
participate in mathematical inquiry? How might 
published materials be adapted to meet the 
particular needs of one's class? How doe: one 
reach all students? 

In "Beyond Stardom: Challenging Competent 
Math Sbidents in a Mixed Ability Classroom," 
Margaret Riddle (in press), a fifth-grade teacher, 
discusses her concern for those students who 
come to her after having excelled in traditional 
mathematics instruction with previous teach- 
ers: 



These young math stars. . . are able to figure 
quickly and accurately in their heads and on 
paper. Their self-esteem has been enhanced by 
knowing they are often first with the answer 

I believe that it is often their very success as 

elementary math students that works against 
these students beginning to develop into truly 
competent young mathematicians. [They] have 
a vested interest in maintaining their position 
at the top of the class, and they certainly don't 
perceive that they have a problem as math 
students. The feeling of disequilibrium that 
comes from wondering and exploring alterna- 
tive solutions is one with which they have had 
little experience. 

As an example, she cites Scott: 

When asked, "What is multiplication?" he glibly 
rt'plied, "Multiplication is an easier way to 
add." This was a definition that the students 
had learned the year before and many of them 
recited it without appearing to know what ii 
meant. Scott added, more thoughtfully, "6 x 7 
means there are 6 gro\ips of 7." When 1 asked 



him to use objects to represent what he meant, 
he arranged them this way: 



□□□□□D □□□□□□□ 




□ 

□ 



6 X 7 = 42 



He "read" his picture as "6 sets of 7." However, 
when 1 asked him to explain what he meant he 
said, "Well, Cere's the 6 and here's the 7 and 
here's the 42. " It appeared that he didn't expect 
math to make sense in a real way and that he 
didn't associate computation with a concrete 
understanding. Although he seemed able to 
solve real world problems quickly, self-confi- 
dently, and accurately, it appeared to me that 
he was missing out on the relationships and 
structures of math and that much of what he 
did was facile and quick but not really con- 
scious. 

While Riddle focuses on her most able fifth 
graders, Nina Koch (in press) writes about high 
school students who struggle with mathematics 
and "have missed out on some of the most basic 
ideas in arithmetic": 

They don't know the difference between addi- 
tive and multiplicative relationships. They fail 
to grasp the structure of our number system, 
especially decimal and fraction numeration. 
Thus, it's not unusual for a student to add $5 
when he intended to add 5%, or to be unable to 
tell you that 10/3 is a number that's a little more 
than 3. Most high school teachers have a full 
portfolio of anecdotes about students who are 
amazingly uninformed about numbers. 

However, rather than confront their arithmetic 
deficit directly, which students find embarrass- 
ing and insulting, Koch advocates "sneakling) it 
into their study of rnorcadvanced topics — The 
study of graphing in a coordinate platic pro- 
vides a splendid opportunity for sneaking \u 
arithmetic." 

This Koch does, in a unit in which lier remedial 
students use "Green Globs," a computer game 
that sets up a coordinate grid on the screen and 
scatters a total of 1 3 "globs" at various locations 
on the grid. The object of the game i^ to write 
an equation whose graph will hit the maximum 
number of globs. In the lesson Koch describes, 
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her students are using equations of the form 
y = A(x- B)^+ C--€xperimenting with different 
values of A, B, and C to determine how they 
affect the shape of the graph— to create the 
parabola that will annihilate the most globs. 
For Jason, this becomes a lesson in decimals: 

"Okay, Miss Koch, Tve got it down to some- 
where around point three or point four. But 
here's the thing — point three is too flat and 
point four is just a little too steep. See, look. It 
needs to be in between these two," he mo- 
tioned at the graphs. "But there aren't any 
numbers to use." 

"You need a number between point three and 
point four?" 

"Right. But there aren't any. i wish I could use 
halves or something." 

jason had gotten skillful in using the tenths 
place in his equation, but he was not identify- 
ing those numbers as fractions with a denomi- 
nator of ten. To him, it was Just "point this" 
and "point that" and he knew which ones were 
higher and which ones were lower. He was not 
aware that hundredths were available as parts 
of tenths, because he'd never had a working 
understanding of those fractions. Most stu- 
dents do hav< i working understanding of half, 
if no other fraction, so I decided to pursue that 
with him. "How would you use the half?" 

"Well, you know. Like three and a half is 
halfway between three and four. I need some- 
thing like that. But they're not going to let me 
use point three and a half." 

"You couldn't write it that way?" 

"No, look. 1 even tried it already because I knew 
you'd make me." He gave a sly smile. "Watch 
whatitdoes." Jason typed in .31/2as thevalue 
of Parameter A. The computer Interpreted this 
as .31 divided by 2, which equals .155. "It 
comes out way too wide," he reported. 

Through Riddle's and Koch's papers, we come 
to know individual students, their strengths 
and weaknesses, their understandings and con- 
fusions. We also come to see how, in classes 
structured like theirs, teachers work to chal- 
lenge and support students of diverse abilities in 
the construction of mathematical concepts. 

Still other papers describe the process of learn- 
ing to teach mathematics in a new way. In 
"Pictures at an Exhibition: A Mathphobic Con- 
fronts Fear, Loath ing. Cosmic Dread, and Thirty 
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Years of Math Education," Lisa Yaffee (in press) 
begins with scenes — scenes filled with disap- 
pointment and humiliation — of her attempts 
to make sense of the mathematics of her own 
K-12 schooling. She then describes what hap- 
pened when she became an elementary-school 
teacher: 

1 stumbled into the least likely of all scenarios, 
my own classroom! Imagine my surprise, nay 
HORROR, when 1 realized on the second day of 
school (not a moment sooner, mind you) that 
I would be expected to teach mathematics to 22 
fifth and sixth graders who were much smarter 
than 1 in everyway. Mathphobia — fear, loath- 
ing, nausea, clammy palms, rank odors, cold 
sweat pouring off the brow— these were famil- 
iar and therefore comfortable sensations com- 
pared to what I felt at that moment of epiphany. 
What was I going to do? ... If I had taken math 
more seriously and tried harder to like it as a 
student myself, then I wouldn't be imparting 
my own hatred of the subject to the next 
generation. I felt angry, guilty, and devastated. 
How could anyone have allowed me into a 
classroom to perpetrate the same math crimes 
of which I had been a victim? 

Resolved to do better by her students, she signed 
up in desperation when a series of workshops 
entitled "'Making Math Learning Stick" was an- 
nounced in her school. During each of those 
four sessions, teachers worked in small groups 
to solve word problems of various kinds and 
then gathered to verbalize what they learned. 
At the end of the series, she considered the 
implications for her own teaching: 

1 knew now what had to be done, but didn't 
know how to do it. Worse yet, I didn't think I 
could do it. 1 was a first-year teacher. . . 
struggling with how to teach writing, reading, 
health, social studies, science, and study skills 
to a combined-grade group when there was no 
set curriculum. 1 couldn't give up the math 
text. . . . But, 1 realized suddenly, 1 could 
introduce a "Problem of the Day" with which 
to begin each class. After the kids solved it and 
we talked about it, they could go back to work- 
ing in their books. 

The next day 1 threw the first problem at my 
students. It was one of those ones where you 
have a given number of species, heads, and legs, 
and you have to find out how many of each 
kind of animal there are. 1 read the problem out 
loud to the group, trying to suppress my excite- 
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ment Then I looked up. No one cracked a 

facial expression or said a word. 1 could feel the 
gloomy tension In the air. Finally Max asked 
quietly, "Why do we have to do this?" 

Taken aback, 1 sputtered, "Well, 1 thought it 
would be fun for a change. Everyone is always 
complaining about how boring math class is, 
and about how they hate to work out of the 
book. Here's a chance to do a problem where 
the answer isn't obvious, nor is the procedure 
for finding the answer.". . . 

"Don't you already know the answer?" de- 
manded a skeptical Amber. 

"Well, 1 have one answer, but I'm not really sure 
if it's right," 1 answered truthfully. 

Jeff 'norted his contempt. "Some teacher!" 

We accompany Yaffee through her exhibition, 
early pictures illustrating the development of 
her demons, later pictures depicting her cor 
fronting them; finally, she describes the process 
through which she eventually learns to elicit 
from her students engagement with, and even, 
at times, excitement over mathematical ideas. 

What characterizes all of the papers is their 
specificity. As the authors tell their stories, they 
detail students' words and gestures so as to bring 
us into their classrooms to "see" and "hear" for 
ourselves. But, unlike videotape, this medium 
presents scenes from teachers' perspectives, com- 
plete with thoughts, doubts, frustrations, and 
second thoughts. Thus, we come to share the 
dilemmas they face, the decisions they make, 
and the satisfactions they experience. 

What Did Teacher-Writers Learn? 

The process of writing these papers provided the 
authors with a uniquely powerful way to deepen 
their own understanding of the new mathemat- 
ics pedagogy. Participants had already engaged 
in some kind of reflective writing process. In 
SummerMath for Teachers' courses taken prior 
to entering MPWP, they had kept journals that 
wen periodically read by members of the staff, 
and most teachers had found this kind of writ- 
ing an essential instrument of their learning. 
Some used their journals primarily as vehicles to 
explore mathematical issues; others emphasized 
analysis of their own learning processes; and 
still others found the autobiographical record 
the most useful asprect of journal keeping. 
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However, their work in MPWP was distinguished 
in several ways from the writing the teachers 
had done in the past: 1) they wrote concrete, 
detailed descriptions of classroom process, of- 
ten in response to specific assignments; 2) they 
received regular feedback from their instructor; 
3) they also met weekly with peers to discuss one 
another's work; and 4) the papers were written 
for a larger and anonymous public. 

Teachers wrote concrete, detailed descriptions of 
classroom process. 

The act of narrative-writing allowed teachers to 
revisit classroom events, and, by viewing these 
events from a distance, to consider them from 
new perspectives (van Manen, 1990). Teachers 
could identify alternatives to the decisions they 
had made and spot opportunities for learning 
they had missed. Often students' comments 
could be seen to have had different and/or 
greater significance than the teacher had appre- 
ciated in the moment. 

Initially, many teachers found these new pu'r- 
ceptions disconcerting. Reflecting on her expe- 
rience of doing the weekly writing assignments, 
one teacher wrote. . . 

... the writing proc ess forced a scrutiny of what 
goes on in my classroom that 1 have never 
experienced before — not from having observ- 
ers in my room, not from being evaluated, ami 
not from writing in a journal. When 1 first 
began, it was a painful experience to read what 
1 had written. There were so many incidents 
and situations that looked different when 1 read 
about them that 1 began to question my teach- 
ing skill. Now that 1 have had a chance to think 
about the experience for a while, 1 realize that 
writing and then reading about what happened 
puts you and your observations some distance 
from the situation written about. It allows an 
objectivity in a more leisur ly setting which 
helps to clarify thinking. c:onsequently, it 
makes sense that other options and questions 
would occur. 

Careful descriptions allowed teachers to return 
to decisions made in the moment in order to 
analyze their immediate responses and assess 
their fit to the situation that evoked them; 

Writing for this class helped me to focus not 
only on activities and responses but on my 
motivations and expeetatiotis. T heri are times 
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when 1 seem to have settled into a rhythm and 
I do things instinctively: responding to a stu- 
dent or posing the next question. In writing 
[my paper], I was forced to examine situations 
and try to clarify, at least to myself, why the 

response was appropriate Writing made me 

more aware of students' behaviors and pro- 
vided a concrete record of my interactions so 
that I could and can review them by myself and 
with others to critique my teaching. 

Many teachers found that transcribing dia- 
logue — a task assigned early in the course— was 
particularly effective in highlighting for them 
the differences between the kind of listening 
habitual to the tradii onal classroom and that 
which encourages students to articulate their 
mathematical ideas. Donna Natowich entitles 
one section of iier paper (1992), "Are You Lis- 
tening, Mrs. Natowich?" and then writes: 

No. I wasn't listening. At least I wasn't listen- 
ing in the way I needed to listen. 1 hadn't been 
listening for years — 1 planned lessons instead. 1 
worked hard at planning appropriate motivat- 
ing lessons. 1 planned, unaware of a very basic 
component — what the children actually knew. 

1 made assumptions based on my experience 
and knowledge of children and the curriculum. 

1 listened for right answers, confirmation that 
the students understood what they had been 
taught. 1 was accustomed to listening for spe- 
cific indicators that a student was following my 
line of thinking. I taught other people's les- 
sons, those deemed appropriate by the experts, 
and listened for the answers to assessment 
activities designed by these experts. 

And another teacher wrote in her end-of-course 
evaluation: 

It is almost as If I heard them previously, but 1 
had my next statements already planned. I 
attempted to adjust their thinking to what I 
planned to say next, instead of analyzing what 
they said to determine what 1 shouid ask, say, or 
do next. 

Having been assigned to capture their students' 
words, teachers became more sensitive to what 
those words were saying, revealing thoughts 
and understandings — as well as misunderstand- 
ings— which frequently surprised them. Being 
asked to tell stories about classroom interac- 
tions had the effect, in one teacher's words, of 
"changing the lens." 



1 know so much more about my kids now. By 
having to write down exact words, I had to slow 
down the whole process. I began to take much 
more seriously each question or iook. 

Another teacher wrote: 

The transcribing-dialogue assignment pushed 
me to listen to the children and to think about 
what they said. Taking notes during math 
class, 1 think, made the single biggest change in 
my teaching style. 1 needed to listen, not taik. 

I needed to slow the conversation down in my 
head, and therefore was able to process it more. 

Furthermore, teachers reported that their own 
sharpened attention had a profound impact on 
the atmosphere of the classroom. As students 
realized how carefully their teachers were listen- 
ing to their classmates, ihey began to really 
listen to one another, too. 

Teachers received regular feedback from their 
instructor. 

1 collected teachers' writings each week and, 
every two to three weeks, returned their work 
with extensive feedback. In general, 1 tried to 
offer encouragement, pointing out strengths 
both in the writing and in the teaching it 
described. Reading with an eye toward how 
weekly assignments might lead to coherent 
final papers, 1 suggested ideas that could be 
developed, asking for more detail and further 
explication. My comments frequently urged 
teachers to write more explicitly about their 
own decision-making in their analyses of class- 
room process. 

The challenge to be more explicit often led to 
deeper comprehension of the classroom situa- 
tion. For example, after reading about a boy 
described as "learning disabled,” 1 asked the 
author to provide a more detailed profile: What 
is this child's learning disability? What are the 
strengths he can call upon to support his own 
learning? How does he get along with class- 
mates when they are not doing mathematics 
together? What are your learning goals for him? 
As she worked to describe this child more fully, 
his teacher came to know him better and so was 
able to define more clearly her goals and expec- 
tations. 
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At times 1 asked about the mathematics discus- 
sions being described; "There Is only one girl 
who spoke up In the discussion. Does this 
reflect the ratio of boys to girls In your class?” 
"Perhaps your attempts to protect your students 
from the embarrassment of their Inadequate 
work Interfered with the <»xpectatlon that they 
critically analyze what they had done. What do 
you think?" These questions invited teachers to 
return to events they had already interpreted, to 
consid?r them from yet another vantage point. 

When it seemed to me that individual teachers 
were stuck — in writing or in their classrooms (at 
times both) — 1 gave individualized assignments. 
For example, during the first weeks of the semes- 
ter, 1 realized that one teacher, who was just 
beginning to transform her practice, repeatedly 
expressed frustration over her class's poor be- 
havior. She was trs mg to get them to work in 
pairs, use manipulatives, and talk about their 
thinking, but they simply were not cooperating. 
While her frustrations were understandable — 
and, in fact, quite typical — 1 felt that her writing 
did not convey a sense of what any of the 
individual children in her class were like. There 
was just a single, obstreperous, amoeba-like 
organism, the class. Since the group was small 
(eight F51. students), 1 asked her to describe each 
of them — what mathematics does he/she un- 
derstand? not understand? what else do you 
want to know about him/her? In the first piece 
she turned in after 1 gave her that assignment, 
this teacher could not analyze her students' 
understandings, but she did describe their ap- 
pearance and personalities. In the weeks that 
followed, her ear became more attuned, and 
eventually she began to hear her students' math- 
ematical ideas. At the end of the semester, she 
wrote: 

I'he one assignment whicii in retrospect was a 
turning point for me was the suggestion that 1 
write short narratives about my students as 
individuals. I had been struggling with the 
group dynamics and several students who af- 
fected the entire atmosphere of the class. After 
completing the assignment, 1 felt more con- 
nected to the individual students and was able 
to separate each from what was going on in the 
group. "Community" still remained an issue 
fnit 1 started to pay increased attention to the 
mathematics and less |to| "preaching” about 
flow to be a "group," 



Teachers met weekly with peers to discuss one 
another's work. 

At each class session, teachers met in groups of 
three or four for one to two hours to read and 
discuss their work. While most teachers felt that 
this was an essential component of the process, 
for some it was also the most problematic. They 
found particularly difficult the expectation that 
they should provide feedback to their peers and 
receive feedback from them. 

Some teachers felt that the feedback from their 
peers had simply not been helpful. One re- 
ported that when she was in need of direction, 
trying to sort through multiple, often contra- 
dictory, suggestions left her confused. Others 
found reactions from peers who seemed to be 
operating under different assumptions about 
teaching and learning quite irrelevant. 

Many teachers felt extremely vulnerable and 
did not want to hear anything that might be 
construed as criticism of their work. And feeling 
so exposed and imperfect themselves, they did 
not believe they "had a right” to be critical of 
someone else's writing. However, by the end of 
the course, some of these teachers felt they had 
lost a valuable opportunity: "Now that it's over, 

I wish that 1 had been challenged more.” They 
began to see the value of rethinking their work 
with a group of colleagues. 

Despite these sentiments, the general feeling 
among MPWP participants was that focused 
discussions with their colleagues had been criti- 
cal to producing their papers. It was in their 
small groups that they could test out their ideas 
and receive the emotional support that kept 
them going. Here they could discover what 
needed to be clarified, what could be deleted, 
and where they had not communicated what 
they had intended. And here, too, teachers 
learned how to look critically at a piece of 
writing, how to ask clarifying questions, how to 
analyze what was strong and to suggest ways to 
make it stronger still. 

At first it was very diffic ult, but as I frogan to sec* 
[how to correct) weaknesses in my own writing, 
I felt more comfortable sharing those ideas and 
suggestions with otfiers. 

Perhaps more important were small-group dis- 
cussions stimulated by the papers' contents. 
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The writing course became a forum for explor- 
ing with colleagues the issues that were at the 
heart of their teaching. Participants found 
these discussions helpful in defining the dilem- 
mas they faced and in working through prob- 
lems in teaching. Meeting with other teachers 
of the same grade levels had been useful, but 
they also valued the opportunity — otherwise 
quite rare— to hear from teachers of all grades, 
kindergarten through twelve. Karen Schweitzer 
summarizes the power of this collaborative work 
in her paper, "The Search for the Perfect Re- 
source" (in press): 

Meeting with a group of teachers each week 
helped me not only by giving me feedback on 
my writing but on the math that was happen- 
ing in my classroom as well. It also gave me a 
chance to read and hear about what was going 
on in other classrooms. Developing this habit 
of reflecting and sharing has been a pivotal part 
of my change. It has struck me several times 
that these are pieces that are often missing from 
teacher education programs and from our daily 
professional lives, and for me, these were pieces 
that were essential. 

The papers were written for a larger and anony- 
mous public 

Keeping a journal is done mainly for oneself; 
and writing assignments are targeted at a differ- 
ent, though still singular, reader, the course 
instructor; but participants in the MPWP were 
writing for an indefinitely large audience of 
strangers. Granted most of those were likely to 
be other teachers, the writers could sttll not 
make assumptions about their readers' beliefs 
about teaching and learning, what their profes- 
sional development experiences had been like, 
or the nature of their teaching contexts. Au- 
thors were challenged to convey their messages 
clearly and concretely, and especially to explain 
themselves without reliance on educational jar- 
gon (the word "constructivism" and its deriva- 
tives were essentially taboo). 

Making descriptions of classroom events under- 
standable to others required these authors to 
make sense of those events for themselves. One 
teacher reported, after an extremely frustrating 
and confusing lesson, that she had spent hours 
at her journal, trying to sort out what happened . 
However, once she took it upon herself to write 



a narrative about that lesson, she had to make 
comprehensible for others the sequence of events 
that had thwarted her: 

As I wrote . . . the frustration that I felt cleared. 
Although I ended saying I was frustrated, I 
wasn't feeling it as passionately as I was when 
1 started. The writing of it cleared things up for 
me. I saw learning and a continuity that I 
didn't (and couldn't) see even after writing in 
my journal. 

A particularly important task for the paper writ- 
ers was that they analyze their own decision- 
making processes in the events they described. 
Early on in the course, they realized that on this 
score generalities would not suffice; they had to 
"analyze and explore each detail" in order to 
explain to the reader why they had done what 
they did — had to take ideas "at the back of 
[their] head[s]" and put them "in the forefront." 

In writing her paper, "Establishing a Commu- 
nity of Mathematics Learners,"JiIl Bodner Lester 
(in press, b) had to face precisely this issue. It 
had been seven years since she had begun to 
center her instruction around her students' 
mathematical thinking, and so, that September, 
she quite confidently set about turning her 
latest roomful of second graders into a commu- 
nity of mathematics inquiry. And it was this 
transformation that she chose to write about. 
However, though she recorded classroom dia- 
logue in order to track the emergence of a 
qualitatively different kind of classroom dis- 
course, early versions of her paper conveyed the 
impression that her students had somehow, 
magically, learned to engage in the type of 
mathematical inquiry she was after. Her chal- 
lenge became to explain to her readers why she 
had set up her lessons as she did, what particular 
interventions were intended to achieve, how 
she interpreted student behavior, and how her 
interpretations shaped what she next did. At 
the end of the course, Lester wrote: 

I have a clearer sense of what it means to 
establish a community of learners. Prior to 
working on this project, my ideas tended to be 
nebulous; it was intangible; it couldn't be de- 
scribed. While I still believe that the process Is 
complex, 1 have more respect for the role of the 
teacher and the many clearly defined steps that 
provided a framework for respectful interac- 
tions among students. 
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Throughout the course, 1 stressed two overrid- 
ing goals for MPWP: to produce a set of papers 
directed primarily toward teachers and to sup- 
port participants' professional development as 
teachers of mathematics through an examina- 
tion of their teaching. But, 1 emphasized, should 
the two goals conflict, their own learning would 
take precedence. In fact, it did prove necessary 
at times to set aside the first objective in order to 
break through writer's block or to promote 
greater honesty by reducing fear of exposure. 1 
suggested that teachers first write for them- 
selves and share their writing with me and their 
small groups. If they chose, they could assume 
that everything they wrote would remain con- 
fidential, within the confines of the class. After 
their papers were written, they could reconsider 
and decide to make them public. In the end, 
however, the two goals supported one another. 
The teachers exceeded their own expectudons 
and, with the recognition that their thoughts 
and experiences were of value to others, they 
now approached their professional activity with 
greater self-esteem. 

What Have Teacher-Readers Learned? 

Since the papers were produced, 1 have distrib- 
uted them to teachers and teacher educators 
along with a questionnaire which their authors 
helped design. In addition, my colleagues and 
1 have used the papers in our own in-service 
courses. 

Responses to the papers have generally been 
positive. For questionnaire items in which 
respondents (students in pre-service and in- 
service courses) rated individual papers from 1 
to 5 along four dimensions — not at all interest- 
ing/extremely interesting, not at all useful/ ex- 
tremely useful, not at all readable/extremely 
readable, not at all applicable to my teaching/ 
extremely applicable to my teaching— the large 
majority of papers were rated 4 or 5 in all 
categories. 

Open-ended questionnaire responses, informal 
discussions with teacher educators who have 
used the papers, and journal entries fronr par- 
ticipants in SummerMath for Teachers courses 
indicate several ways in which pre- and in- 
service teachers make use of this work. 
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The papers provide grounding of theoretical 
principles. 

Communications with teacher educators who 
have used the papers revealed that their vivid 
descriptions of classroom process provide 
grounding for theoretical principles where con- 
texts for interpreting these abstractions are lack- 
ing. Thus, one colleague who assigned Brown's 
paper in a pre-service course reported that, al- 
though her students had been talking about 
"discovery" and "discourse" all semester long, it 
was only after reading that paper that they had 
30 image of what those words might mean, 
concretely, for an elementary classroom. From 
then on, these students continually referred 
back to Brown's paper as they discnissed instruc- 
tional principles and possibilities. 

In contrast to decontextualized presentations 
of the theoretical basis of the new mathematics 
pedagogy, the classroom situations described in 
the teachers' papers are instantly recognizable 
to their peers, helping them to interpret those 
principles in terms of their own teaching. For 
example, some readers found in Valerie 
Penniman's paper (in press) illustration of the 
principle that "the construction of new under- 
standings is stimulated when established struc- 
tures of interpretation do not account for novel 
experiences." 

In "Making Graphs Is a Fun Thing to Do," 
Penniman describes her dismay when she real- 
ized that students who had followed her from 
second grade into third could not answer simple 
questions about graphs even though they had 
done a hands-on unit together the year before. 
As she planned her graphing unit for third 
grade, she decided to make the task more, rather 
than less, complex — it had to involve a prob- 
lem that challenged her students to construct 
new understandings. Thus, she adapted an 
activity taken from published materials in which 
students were to sort and count gummy bears by 
color and then graph the results. However, 
since the graph paper the children were to use 
had only seven squares per column, she made 
sure that each group had more than seven 
gummy bears for at least one color. It was up to 
the children to figure out how to graph their 
data, given these materials. 
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After reading this paper, one teacher wrote: 

[The paper] changed the way I always thought 
about helping children to understand a con* 
cept. When the children in VaTs class . . . 
encountered dlfhculties in graphing, she . . . 
Increased the difficulty of the situation. Prior 
to reading her paper and seeing the response 
that her students had, I would naturally have 
simplified the task. I learned that by Increasing 
the difficulty of some tasks, you can encourage 
better understanding. 

The papers provide teachers with opportunities to 
encounter mathematics in new ways. 

Another conception new to most teachers, and 
dramatized in the papers, is that mathematics is 
not a finished body of discrete facts and compu- 
tational routines, but a dynamic and open- 
ended domain that involves posing questions, 
making and proving conjectures, exploring 
puzzles, solving problems, and debating ideas. 
Thus, in "Down the Rabbit Hole: On Decimal 
Multiplication," Rita Horn (1991) leads the 
reader along the route traced by her students: 
"We multiplied and got a smaller answer! How 
can that be?" "1 think when you multiply by a 
decimal, you get an answer smaller than the 
number you started with." "Not always! Look 
at when you multiply 3 by 2.7. The answer gets 
bigger than 3. " "So why does it work some of the 
time, but not all of the time?" And in "Of-ing 
Fractions," Joanne Moynahan's class of sixth 
graders is trying to figure out which operation — 
addition, subtraction, multiplication, or divi- 
sion — fits the following problem: The Davis fam- 
ily attended a picnic. Their family made up 1/3 of 
the fifteen people there. How many Davises were at 
the picnic? (Moynahan, in press). As readers 
follow the children's discussion, they are con- 
fronted with questions about the meanings of 
multiplication and division, the relationships 
between these operations, and the match be- 
tween a mathematical model and the situation 
it represents. For some teachers, papers like 
these provided a first opportunity to think 
through such conceptual issues for themselves; 

I [was| very interested in the math of Rita's 
paper. I had never thought about decimal 
multiplication that way and I was intrigued. 

Others found that the papers yield new insights 
into their students' ways of thinking: 



"Of-lng Fractions" was helpful to me math- 
ematically. 1 was at a confused state about how 
and why multiplying fractions was so confus- 
ing to kids and hard to teach and that paper 
really provided the "momentary stay against 
confusion" I needed at a certain time. 

Contrasts between what is portrayed in the papers 
and readers' own practice provide the opportunity 
to rethink assumptions. 

It is the very concrete and specific nature of the 
papers that induced teachers to examine — in- 
deed, for many, to formulate for the first time — 
their own beliefs about deep and important 
matters. For example, 

I learned that within most children's conversa- 
tions about mathematics there are some very 
important ideas, and if I listened in my own 
class, I would begin hearing them. 

Precisely because the papers were narrated from 
the teacher's perspective, teacher-readers could 
see themselves in their colleagues' shoes and 
begin to imagine themselves in similar situa- 
tions. For some, the contrast between their own 
classrooms and those depicted in the papers was 
so great they doubted the truthfulness of what 
they read. But for others, that contrast pressed 
them to an examination of their own assump- 
tions and beliefs. One teacher wrote: 

[As I read,] I was constantly having to stop, 
think about why I do something as I do, or 
think something, and try to mesh it with what 
I was reading. 

And another reflected: 

I have begun to question my own expecta- 
tions. I've always said that I have high expec- 
tations for my students. However, looking at 
the second-grade class [in Lester, in press, a] 
and what they were able to work through, both 
cognitively and verbally was amazing I caught 
myself thinking, "Can my students do this?" 
Of course, initially it may be difficult. They 
probably have never been asked to answer 
questions like, "How do you feel about this 
answer?" But with much effort — like any other 
ti;sk— we can change our perceptions. 

The papers provide ideas for lessons and for 
techniques to try out. 

Teachers extracted specific teaching strategies 
and lesson ideas from the papers. One reader 
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explained that the papers provided her with 
pictures of how particular activities could be 
used to explore a set of mathematical issues: 

When 1 begin a unit with my class, it helps to 
have a deeper picture in my head about how 
one class did it. That picture helps me think 
about the structure of my lesson even though 1 
know my class will be different. 

Others pointed to specific classroom situations 
and found suggestions for how they might 
respond in similar circumstances: 

Margie's paper "Beyond Stardom . . [Riddle, 
in press] was very meaningful to me. . . because 
1 recognized the phenomenon of the "star" in 
my own classes and because her argument of 
how these stars fit into the "new" type of math 
class made such good sense to me. It was 
inspiring to find some understandings and 
solutions that I could readily use in my own 
class. 

Teachers just beginning the process of trans- 
forming their mathematics instruction found 
models for the kind of classroom they ulti- 
mately wanted to create and were able to iden- 
tify places from which to start. For example: 

The paper that had the greatest impact on me 
was "Is the Algorithm All There Is?"[Lester, in 
press, a] . . . for the style of teaching and 
classroom atmosphere. From Jill's paper, I 
gleaned the importance of working in small 
groups, posing thought-provoking word prob- 
lems, questioning the children, listening to 
their ideas and explanations, and leading group/ 
class discussions. This was very important to 
me because it gave me a model that I could 
think about and change to fit my classroom. 
The knowledge that " someone I know does this 
and it works" was tremendous inspiration and 
encouragement. That paper is responsible for 
BIG CHANGES in my teaching style. 

Another teacher wrote: 

I liked the Natowich ( 1 992] paper. It presented 
some options I could use — listening, wait time, 
use another question instead of an answer, use 
of journal instead of plan book. 

The papers document the process of transforming 
a practice. 

Perhaps as important as descriptions of the new 
mathematics pedagogy are the stories teachers 
tell about their own processes of change. The 
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kind of transformation teachers are being asked 
to undertake is so profound, the challenge to 
their professional identity so threatening, tiiat 
without some larger perspective that 
contextualizes their difficulties, they will aban- 
don their efforts when the going gets rough- 
hiding their failures behind the closed doors of 
the classroom. Thus, one teacher confessed. 

It was so enlightening to hear other people's 
struggles with their doubts and anxieties. It 
was a relief to see that other teachers shared 
some of my fnistrations. 

Another reported, 

"Learning the Art of Unteaching" [Natowich, 
1992] was. . . important to me because it was 
effective in documenting/painting the process 
of change a teacher goes through. It helped me 
to see the change in myself through this same 
kind of lens. 

And still another, 

1 learned from Jan's paper [Szymaszek, in press] 
(as well as from others) that making changes in 
teaching mathematics is a gradual process. 1 
didn't need to be impatient with myself. 

Once teachers lealize that their difficulties are 
not unique and that they do not have to be 
ashamed if they find themselves struggling, 
they may be more willing to turn to others for 
help in finding their way forward. 

For one teacher's complex response to her 
colleague's work, see Appendix C in which 
Anne Marie O'Reilly describes how’, as her own 
practice changes, her readings of Moynahan's 
"Of-ing Fractions" paper (in press) alternately 
inspire, challenge, frustrate, and re-inspire her. 

What Might Researchers Learn? 

Although MPWP participants wrote with an 
audience of teachers in mind, the narratives 
provide a resource for the educational research 
community as well. As a group, they constitute 
a set of cases bearing on questions in three broad 
areas of inquiry: mathematics teaching, math- 
ematics learning, and teacher change. In the 
previous section, 1 described how both pre- and 
in-service teachers have made use of these pa- 
pers. Though I have not systematically can- 
vassed researcliers' reactions in analogous fasiv 
ion, a range of issues can be identified, relevant 
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to each of these areas, on which education 
researchers are currently at work and with which 
the papers intersect. 

Mathematics teaching. In many of the narratives, 
teachers describe and analyze pedagogical di- 
lemmas, report on the decisions they make and 
the outcomes of these decisions. The narratives 
also provide accounts of teacher-student inter- 
action, discussions of classroom routine, and 
descriptions of tasks designed to stimulate ex- 
ploration of particular mathematical issues. One 
might analyze these cases to consider such ques- 
tions as. How can teachers "chart a mathemati- 
cal course" (Ferrini-Mundy, in press) while en- 
couraging students to follow their own lines of 
thought? What is the role of teacher telling in 
a pedagogy deliberately organized to support 
student construction of mathematical concepts? 
How do teachers use manipulatives, computers, 
writing, etc. to promote mathematical under- 
standing? How does social interaction among 
students promote mathematical understand- 
ing? What is the nature of the tasks around 
which teachers organize their lessons? How do 
teachers establish c:;mmunities of inquiry in 
their classrooms? 

Mathematics learning. The narratives also pro- 
vide accounts of students’ mathematical con- 
versations and reveal that, in general once a 
community of inquiry is established, children 
in kindergarten through twelfth grade are inter- 
ested in exploring mathematical ideas. One 
might analyze these conversations to address 
such questions as. What are the mathematical 
issues that engage children and repeatedly recur 
in different contexts among different groups? 
How does the articulation of these ideas shift 
and develop in different settings and at differ- 
ent ages? Where do we find evidence of early 
algebraic thinking, and what arc the kinds of 
"algebraic questions that pique children's in- 
terest? What constitutes mathematical justifi- 
cation for learners of different sges? 

I'ciichcr changi’. Teachers’ accounts of them- 
selves as both mathematics students and math 
ematics teachers provide a critical perspective 
on what is involved in transforming one’s prac- 
tice to enact the new pedagogy. How do teach- 
ers’ past mathematical experiences connect with 
what they are learning as they work to enact the 



current reforms? What insights and attitudes 
are key to developing a practice that supports 
student construction of mathematical concepts? 
Which experiences tend to be pivotal in the 
change process? What are the cognitive, affec- 
tive, and social components of the change pro- 
cess? How do teachers cope with demands that 
are inherent in the reform agenda but are also in 
conflict with one another? 

Teacher narratives can be a rich resource for 
researchers for whom such questions are cur- 
rent. As a set, they provide relevant data from 
different teachers and classrooms, representing 
a variety of communities, spanning grades kin- 
dergarten through twelve. At the same time, 
these materials also suggest new sets of ques- 
tions. For example, in any representation of an 
event, some aspects are highlighted while oth- 
ers are ignored. What is illuminated and what 
is eliminated by various communication me- 
dia? Do these narratives offer something that 
videotaped classroom scenes accompanied by 
teacher interviews or journals and/or students’ 
written work cannot? 

And again, what is illuminated and what is 
eliminated by various modes of research? What 
can be communicated through narrative that 
cannot be communicated through exposition 
and vice versa? What can be learned when a 
teacher tells his own story, as distinct from its 
being told by a teacher educator or policy re- 
searcher, or teacher/researcher team? 

Further — and vexing — questions concern the 
legitimacy of such work: Will the established 
research community acknowledge the teacher 
narrative as "research”? There a growing 
trend among educators toward acceptance of 
alternative ways of conducting research and 
communicating its results. Recognizing that 
the ways of coming to know are multiple and 
dependent on the nature of what is to be known, 
some researchers have become increasingly wi 11- 
ing to consider, as an alternative to the tradition 
of experimental studies, the writings of "reflec- 
tive practitioners" (Adler, 1993). For example, 
research journals and academic publishers have 
begun accepting articles by teacher educators 
who critically reflect on their own instruction 
(e.g., Simon, in press; Wineburg, 1991; Wilson, 
1 990), and by university-based faculty whose K- 




1 2 teaching is the site of their research (e.g., Ball, 
1993a, 1993b; Borasi, 1992; Lampert, 1988). 
And teachers' writings have found their way 
into the public domain through journals like 
Teaching and Change as well as books like Inside/ 
Outside (Cochran-Smith and Lytle, 1993) and 
Breaking Ground (Hansen et al., 1985). Much of 
this work has grown out of the movement to 
reform writing instruction and out of projects 
addressing multicultural education. As of yet, 
however, few studies of mathematics teaching 
and learning written by classroom teachers have 
appeared. 

Conclusion 

It is teachers themselves who must, collectively, 
invent the new mathematics pedagogy and, in 
so doing, discover what the principles that un- 
derlie the NCTM Standards really mean. They 
must demonstrate to the rest of us how real 
children can become the mathematical think- 
ers envisioned by reformers; they must uncover 
the dilemmas and contradictions inherent in 
this ambitious agenda; and they must help us 
understand the complexities of the process by 
which a traditional instructional practice is trans- 
formed into a new mathematics pedagogy. 

The Mathematics Process Writing Project 
brought together three groups of teachers who 
had already begun this process of transforma- 
tion. In reflective, first-person narratives, 
teacher-authors describe their students and the 
learning taking place in their classrooms; they 
tell stories of their own struggles, confusions, 
insights, failures, and successes as they work to 
align their practice with their changing beliefs 
about learning, teaching, and mathematics. In 
effect, these narratives, which give voice to the 
new mathematics pedagogy, are a medium 
through which teachers can become central 
contributors to the national conversation about 
mathematics education reform. 

I lowever, it was not easy for the teachers who 
participated in the project to find that voice. As 
each MPWP course began, its participants were 
made anxious by the magnitude of the task set 
for them. They doubted their ability to create a 
significant piece of work, one that addressed a 
complex pedagogical issue and honestly repre- 
sented their teaching. And they were afraid that 
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Others would scorn — or, at best, be indifferent 
to — their work. Thus, I thought that by starting 
with short assignments, and by providing lots 
of feedback that pointed out successful writing 
and identified important ideas, 1 would help 
build their confidence. Writing week after 
week— for 14 weeks— with encouragement and 
suggestions from me and from their peers, the 
teachers slowly developed arafts of their final 
papers. They then had an additional 10 weeks 
to complete their projects, calling on me and on 
one another for further support as needed. 

Clearly, such writing is time consuming, expos- 
ing, and difficult. And in the absence of serious, 
well-conceived programs designed to encour- 
age it, very few teachers will volunteer to do it. 
But I hope readers of these papers will be con- 
vinced that they represent a form of profes- 
sional research uniquely suited to the project of 
reform they are intended to support. 
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Appendix A 

Writing and Reading 
Assignments for MPWP Courses 

Writing Assignments 

Although I suggest a structure for your weekly 
writing, it is up to you to redefine assignments, 
if necessary, so that they are most helpful to 
you. If you have selected a topic for your final 
project, you might use the assignment to ex- 
plore your topic and experiment with ways to 
address it. 

• Frequently, when our students arrive in Sep- 
tember, they are used to a traditional approac h 
to mathematics instruction and don't know 
how to be in a class taught alternatively. What 
do you do to "acculturate" your students to a 
new kind of classroom? (What do you say? 
What activities do you set up? etc,) 

• Transcribe a dialogue between you and a 
student or between two students, Then write a 
narrative, based on that dialogue, about vbat 
happened. 

• Rewrite the same story, but now in first 
person, from the perspective of a student. 

• Describe a student who has revealed to you 
that he/she has learned something that you are 
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trying to teach. What did you want the stu- 
dents to learn? What was the context? What 
was the student's interaction with you? with 
other students? What process did the student 
use? What words and actions indicated learn- 
ing? How does this learning fit with other 
things this student has learned? How does it fit 
with other things yet to be learned? What did 
you learn from your student? 

• Write about a student who expresses a math- 
ematical idea that surprises you. Why did it 
surprise you? What did you expect? (If the 
student's idea is not consistent with conven- 
tional mathematics, explain why. Is there an 
element of logic in the student's idea?) How 
did you respond? What did the student learn? 
What did his/her classmates learn? What did 
you learn? 

• Describe a teaching dilemma that you have 
faced. Then present two scenarios (at least one 
of which will be fictional) in which you re- 
spond to the dilemma differently. What was 
the basis of each of the decisions? What were 
the different outcomes? 

• What does it feel like to discover one's own 
misconception? What is the process of resolv- 
ing the disequilibrium engendered? You can 
write from your own experience as a learner or 
from the perspective of a teacher observing a 
student. 

• Which of the articles 1 have distributed in 
this course do you think are particularly effec- 
tive? Reread these articles to examine the 
writing. What techniques and strategies does 
the author employ to make the writing effec- 
tive? How do these techniques serve to com- 
municate the issues the author addresses? Re- 
write one of your pieces (or write a new one) to 
employ these techniques. 

• Select one of your pieces (or work on a new 
one) that you think could be strengthened by a 
specific story. Try to tell that story by "bringing 
the reader into the classroom," allowing the 
reader to hear and see what's going on 

• Select a piece of your writing that you would 
like to share with the class for feedback, and 
bring enough copies for your classmates. 

• Write me a statement about your final pa- 
per. What topic do you plan to explore with 
your readers? What ideas do you want to 
communicate? How do you plan to present 
your ideas? What will be tue flow of the 
discussion. (You will not be required to follow 
through on exactly what you say here; you can 
still change your mind. Even if you're not sure, 



for the purpose of the assignment pick one of 
the topics you are considering.) 

• Continue work on your project. The focus 
should be developing by now and your writing 
should be underway. If you are having trouble 
figuring out what you are writing about, please 
schedule a conference with me. 

• You should be thinking carefully about the 
development of your final paper. At this point 
it won't "just happen" without some thought- 
ful work. As you continue your writing, I want 
you to identify the problems you face in trying 
to create a meaningful and coherent piece and 
work with me and your classmates to solve 
them. While the identification of the problems 
does not have to be a writing task in and of 
itself, you must be able to articulate them 
verbally so that others can help you. 

• By ROW all of you are well into your final 
projects. Most of you are working to 1) clarify 
for yourselves the points you war/ to make, 
2) make sure that those points are maoo clearly 
and strongly in your paper, and 3) make sure 
that everything that is written in the paper 
serves the purpose of making those points. 

Here are a few minor issues to check: 

Have you given the reader infonnation about 
your class? What grade is it? How many 
students? What is the ratio of boys to girls? 
What kind of community does your school 
serve? 

If you use the word "construe ivism" (or a 
related word), does it really serve what you are 
trying to communicate in your paper? Con- 
sider making your points without the "c-word. " 
Instead, say what you mean by it. 

If you refer to SummerMath For Teachers, does 
it really support the points you are trying to 
make? 

Reading Assignments 

• "Arithmetic as Problem Solving," by M. 
Lamport (1989); "The Struggle to Link Written 
Symbols with Understanding," by J. Hiebert 
(1989); and "Is the Algorithm All There Is?" by 
J. Lester (in press, a). 

As you read these articles, address the following 
questions: 

What are the three articles saying about learn 
ing and teachin In what ways are the mes- 
sages the same? in what ways are they differ- 
ent? 
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What are the differences in writing style? What 
is the impact of the different techniques? What 
can be communicated using one style that 
cannot be communicated using another? 

• Three articles on journal-writing: "'Math Jour- 
nals: An Individualized Program/' byj. Lester 
(1987), is about her use of journals in a second- 
grade class. "Mathematics Process as Math- 
ematics Content: A Course for Teachers/' by D. 
Schifter (1993), uses journal excerpts to illus- 
trate the kind of learning that took place in a 
mathematics course. "School Days: A Journal/' 
by D. Meier (1992), consists of excerpts from a 
teacher's own journal, raising issues about edu- 
cation. 

How do you respond to the content of these 
papers? Does anything in these papers spur 
reflection on your own use of journals? Are 
there aspects of the style of the papers that you 
would like to try? 

• "A Year of Enquiry, '' by J. Szymaszek (in press); 
"Making Graphs is a Fun Thing to Do," by V. 
Penniman (in press); and early drafts of each of 
these papers. 

How did Szymaszek's and Penniman's work 
develop? What ideas/issues are they able to 
communicate in their final papers that don't 
come through in earlier work? How does the 
writing change? How does the early work 
support the final paper? 

• "With an Eye on the Mathematical Horizon: 
Dilemmas of Teaching Elementary School Math- 
ematics," by D. Ball (1993, a); and "New Begin- 
nings," by H. Gougeon (1992). 

Review the articles you have read in the course 
thus far and consider the ones you have found 
most effective. What are the techniques the 
author employed to carry the message? Can 
you identify what makes an article effective‘s 
Come to class prepared to discuss this. 

• "Down the Rabbit Hole: On Decimal Multipli- 
cation," by R. Horn (1991); "Of-ing Fractions," 
by J. Moynahan (in press); and "One Last Stab," 
by N. Koch (in press). 

These papers continue on the theme of mak ig 
meaning for mathematics or making math- 
ematics make sense. For some of you, this will 
be an opportunity for you to learn some math- 
ematics. If the issues about mathematics ad- 
dressed in a paper are a challenge for you, take 



the time to think it through. Remember that 
following a line of mathematical thought is not 
the same as reading prose. It will take you quite 
a bit longer to sort out the mathematical ideas. 

• You have received writing from other mem- 
bers of the class. Read and respond to as many 
pieces as you feel is a reasonable assignment for 
the week. 

• Two articles by D. Ball: "Magical Hopes: 
Manipulatives and the Reform of Math Educa- 
tion" (1992) and "Halves, Pieces, and Twoths: 
Constructing Representational Contexts in 
Teaching Fractions" (1993b). 

What are these papers about? What do you 
learn from these papers about fractions and 
out the questions that arise as children en- 
gage with fractions? How does Ball use descrip- 
tion of classroom events to communicate her 
points? How does she include her own think- 
ing, analysis, and decision making? 

Ball will be in class on Thursday. In the first part 
of the class, we will observe and discuss a video 
of her students working on fractions. In the 
latter part, we will open the discussion to what- 
ever issues you want to raise. Think about what 
you would like to talk about with her. 

• "Teaching, Reflecting, Researching," by G. 
Hillocks, J;. (1990); "Writing and Reading from 
the Inside Out," by Nancie Atwell (1985); and 
"The Symphony," by N. Lawrence (1991). 

Analogies are frequently made these days be- 
tween language arts and mathematics instruc- 
tion, and some of you are bringing up such 
comparisons in your papers. I'd like you to read 
Hillocks' paper about writing instruction and 
Atwell's chapter about teaching reading to think 
about issues of teaching mathematics. Then 
consider how Lawrence uses her experience as 
a language arts teacher to inform her work 
teaching mathematics. In addition. I'd like you 
to reflect on what makes the papers effective or 
not. 

• "Continuity and Connectedness in Teaching 
and Research: A Self-Study of Learning to Teach 
Mathematics for Understanding," b) R. Heaton 
(1991);" Pictures at an Exhibition: A Mathphobic 
Confronts Fear, Loathing, Cosmic Dread, and 
Thirty Years of Math Education," by L. Yaffee (in 
press); and "Adventures in Math 1 eaching: Edu- 
cational Reform on a Personal Level," by K. 
Bridgewater (1991). 
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I would like you to read these three papers, In 
which teachers describe their own experiences 
trying to transform their mathematics teach- 
ing. 

• "Homogenized is Only Better for Milk," by J. 
Hammerman and E. Davidson (1993), and "Be- 
yond Stardom; Challenging Competent Math 
Students in a Mixed Ability Classroom," by M. 
Riddle (in press). 

Consider how the papers are similar and how 
they differ. Consider both what is said and how 
it is said. 

• "Building a Case-Based Curriculum to En- 
hance the Pedagogical Content Knowledge of 
Mathematics Teachers," by C. Barnett (1991). 

Although the basic conception is somewhat 
different, Barnett also has a project in which 
teachers write about what happens in their 
classrooms, and their writings are used for in- 
service instruction with other teachers. I'm 
interested in your reactions to what she de- 
scribes. 

• "Composing the Multiple Self: Teen Mothers 
Rewrite their Roles," by S. Jonsberg with M. 
Salgado (in press). 

Although this paper is not about mathematics, 

1 decided to have you read it because Jonsberg 
has used a very interesting approach in writing 
about her teaching (and also addresses itrpor- 
tant issues). I'd like to hear your reactions to it. 

• During these last two weeks of the semester, 
1 would like you to put your efforts into your 
writing and therefore am not assigning any 
specific reading. However, sometimes I find 
that when I am stuck in my writing, it helps to 
read. In that case, consider rereading some of 
the articles that you have found particularly 
helpful, or try reading an article you haven't yet 
gotten to. 

Appendix B 
MPWP Papers 

Anderson, Christine. Shaping Up. 

Appleby, Marie. Petals around the Rose: Build- 
ing Positive Attitudes about Problem Solving. 

Raker, Kathy. Incidental Mathematics: Seizing 
the Moment. 



Bastable, Virginia. A Dialogue about Teaching. 

Bridgewater, Kathleen. Adventures in Math 
Teaching; Educational Reform on a Personal 
Level. 

Brown, Virginia. Third Graders Explore Multi- 
plication. 

Buendia, Maria. Integrating Mathematical 
Thinking and Mathematical Content into the 
Foreign-Language Curriculum through 
Children's Literature. 

Clark, Elizabeth. Patterns in the Curriculum. 

Flynn, Mary. The Challenge of Change. 

Gagnon, Allen. Struggling. 

Ginsberg, Catherine. Exploring Place Value. 

Gougeon, Humilia. New Beginnings. 

Graveline, Perrie. The Jou ney; Two Steps For- 
ward, One Step Back. 

Gruneiro, Vicky, journals Insights and Sur- 
prises. 

Gurdak-Foley, Robin. Math witha Venn-geance. 

Hawley, Virginia. First Graders Talk about Learn- 
ing. 

Hendry, Anne. Owning Our First-Grade Math. 

Horn, Rita. Down the Rabbit Hole: On Decimal 
Multiplication. 

Isenberg, Caryl. Mainstreaming versus Pull-out 
in Special Education: The Case of Mathematics. 

Koch, Nina. One Last Stab: High School Kids 
and Arithmetic. 

Kostek, Peter. How Do You Expect Us to Do It 
before You Teach It? 

Lawrence, Nancy. The Symphony. 

LeBIanc, Doris. Monster Math in Grade One. 

Lennon, Donald. Moving Toward the Stan- 
dards: Multiplication in Third Grade. 

Lester, Jill. Establishing a Community of Math- 
ematics Learners. 

Lester, Jill. Is the Algorithm All There Is’ 

Lipinski, Michael. Looking at Math with .Stars 
in My Eyes. 
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Mather, Michelle. Parents: Friends or Foes of 
Process Math. 

Miller, Barbara Anne. Surplus Baggage and 
Mathematics Education. 

Moynahan, Joanne. Of-ing Fractions. 

Natowich, Donna. Learning the Art of 
Unteaching. 

O'Brien, Deborah. Math Journals; First Attempts 
in Third Grade. 

O'Reilly, Anne Marie. Understanding Teach- 
ing/Teaching for Understanding. 

Penniman, Valerie. Making Graphs is a Fun 
Thing to Do. 

Redman, Jessica. Conversations about Count- 
ing. 

Riddle, Margaret. Beyond Stardom: Challeng- 
ing Competent Math Students in a Mixed Abil- 
ity Classroom. 

Rigoletti, Rosemary. Second Graders Discover 
Square Numbers. 

Sajdak, Sherry. Untitled. 

Scanlon, Donna. Algebra is Cool: Reflections on 
a Changing Pedagogy in an Urban Setting. 

Schott, Jan. Creating an Environment which 
Values and Encourages Rich Classroom Discus- 
sion: The Process of Breaking the Traditional 
Algebra Lecture Mold. 

Schweitzer, Karen. The Search for the Perfect 
Resource. 

Sheinbach, Alisha. Juggling Math and 
Mainstreaming. 

Signet, Mary. Food for Thought. 

Smith, Geri. What Do 1 Teach Next? 

Smith, Susan. Ix)go: A tool for Exploring M ith- 
ematics. 

Szymaszek, Janice. A Year of Enquiry. 

Toney, Nora. High Teacher Expectations and 
Honoring Different Cultural Learning Styles: In 
Relation to learning and Understanding Math- 
ematics. 

Yaffe, Lisa. Pictures at an Exhibition: A 
Mathphobic Confronts Fear, Loathing, Cosmic 



VOICING THE NEW PEDAGOGY 

Dread, and Thirty Years of Math Education. 
Zippe, Joyce. Page Pupa to Process Butterfly. 

Appendix C 

Journal Entry by 
Anne Marie O'Reilly 

"Of-ing Fractions" brings back memories for 
me, many of them unpleasant. This is at least 
the third time that I have read Joanne 
Moynahan's paper. 1 am struck by how much 
more meaning 1 have taken from it this time, as 
well as my discovery of just how much more 
there is to be ' 'eaned from it in future readings. 
My first read g of the paper left me impressed 
by all the ideas being exchanged and the appar- 
ent investment of the students in the math- 
ematics that was taking place in her classroom. 
My second reading left me frustrated that I was 
not having similar experiences with fractions 
with my own sixth-grade class. (1 wanted to 
blame Joanne for only writing about the posi- 
tive parts of the experience and not highlight- 
ing any of the problems.) Now, a full year later 
and a little bit wiser, my interest in the paper has 
changed. I seem to be approaching it in novel 
ways. 

My first experiences with the paper remind me 
of sitting in a math class, listening to others 
discussing a math problem without being ac- 
tively engaged myself. What I hear and see 
drawn on the board seems to make sense (simi- 
lar to when a teacher is explaining how to use an 
algorithm). I'm actually very interested in what 
is being said. However, my active engagement 
is limited. So, when 1 walk avYay and set to the 
task of using the algorithm, Tm suddenly con- 
fronted with confusion. 1 don't have any strat- 
egies to help me to make sense of it. 1 feel 
frustrated. The next time 1 go to class, 1 bring my 
confusion and my questions to the discussion. 
1 will search for answers, ask questions, play a 
more active role, try to compare my thinking 
with the thinking of others. 

So it was with me the last time 1 read this paper. 
1 was confronting fractions with sixth graders 
for tfie very first time. For some reason. 1 cx- 
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pected them to react the same way that Joanne's 
class had. My own limited experience with the 
math had made it difficult for me to interact 
with the math in the paper. 1 had been more 
passive than 1 realized on those first two read- 
ings, in part because of my limited understand- 
ing of the math, in part because 1 was reading 
the paper alone. 1 was not in the company of 
other learners or a teacher who could give me 
the creative nudges that 1 needed in order to 
actively engage with the math in the paper. 

When my own students began reacting differ- 
ently to fraction problems that were similar to 
those set up in the paper, 1 was thrown into a 
state of confusion. 1 found it difficult to recog- 
nize and interact with the different, but equally 
valuable, math that was going on in my own 
classroom. 1 couldn't acknowledge the math 
that was taking place in my classroom, because 
1 didn't fully understand it. 

I've had many mathematical experiences since 
then. In the end, 1 learned a lot from my 
students. 1 learned a lot from Deborah Schifter 
when 1 brought her my questions and confu- 
ion and she gave me some of the creative 



nudging that 1 needed. I've also thought a lot 
over this past year about the fuzzy lines that 
separate the operations that we perform on 
numbers. 1 have some particularly fresh per- 
spectives concerning operations on fractions to 
bring to my current reading of the paper. 

So this time, when 1 consider Rebecca's reason- 
ing for why 1/3 of 13 should be times, when 1 
look at her line of fifteen l/3s, 

1/3 1/3 1/3 1/3 1/3 1/3 1/3 1/3 1/3 1/3 

1/3 1/3 1/3 1/3 1 / 3 , 

I'm as hard to convince as her classmates were. 
1 find myself connecting with the thoughts that 
must have been racing through Joanne's mind 
as she struggled with the dilemma of what to do 
when students remove the numbers from the 
context of a problem and manipulate those 
numbers to prove their point. This time 1 did 
not overlook the times when Joanne said she 
was surprised by her students' thinking. "1 hadn't 
thought it through like Sally had." This time 1 
connected with Joanne's self questioning. "Is 
what 1 have decided to teach really important?" 
This time, 1 really began to understand the math 
and the teaching in Joanne's paper. 
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